Usually, innovative products came to market with no standardization in their characteristics, resulting in frequent incompatibilities among similar products from different manufacturers. Thus, it is important to have standards available to industry as soon as possible. However, if standards are developed too early, maybe products finally do not succeed in the market and standardization efforts are lost, or maybe the technology continues evolving before it achieves some stability. If standards are developed too late, then probably their impact and usefulness for industry is much more limited. Basing in the adoption curve for innovative products, we formulated a proposal about the right moment to develop new standards for such products. To facilitate comparisons, we have defined an adequate common metric scale. This proposal has been verified by the analysis of some cases of innovative products, in which we have reviewed the adoption process and the starting of the standardization activity.
Introduction
Creating effective standardization systems requires planning the development of national and international standards, in response to changes in technology, markets and society. A Standard represents a document accepted in terms of consensus in which the characteristics of the subject of standardization are being determined, frequently oriented to voluntary use by actors in the industry and market. Today, the standard is seen as a carrier of new knowledge (new information) (Swann, 2010) .
One question arises: when should a specific standard be prepared to maximize its usefulness? Obviously, if the standard is prepared and introduced (released) for use very early there will be no potential users of the standard, or they will not recognize its value. If the standard is introduced too late then its application becomes meaningless, as markets have probably established their own rules. In both cases the standard preparation is useless, as is explained in Figure 1 . According to these facts, it is important to identify the right moment for beginning standard development in order to maximize the effect of its use. In this paper, a possible approach to solve this problem in the case of new innovative products is investigated.
In this paper the concept of standard defined by Allen and Sriram (2000) will be used. They establish that standards are "documented agreements containing technical guidelines to ensure that materials, products, processes, representations, and services are fit for their purpose". Allen and Sriram (2000) consider four types of standards. For the purpose of this research, types 3 and 4 will be considered. Type 3 standards are those performance based, establishing some lever of requirements in the performance of a product or technology. Type 4 standards are based in requirements oriented to ensure interoperability among systems. For innovative products, this last type is especially relevant, but also type 3 may in some cases be of interest for innovative products and technologies.
Diffusion Process
Diffusion is the process by which a new idea or new product is first introduced and then accepted by the market. Innovativeness is the difference among potential customers in their response to new ideas. It represents the degree to which an individual is relatively early or late in adopting a new product or services (Midgley and Dowling, 1978) . Hence the diffusion process is the aggregate of all individual customers' adoptions of the new item over time (Aggrawal, 2015) .
In the initial stage of the diffusion process, the new product is adopted by only a small group of customers (known as innovators). With time, they begin to influence others (known as imitators). This social interaction between the initial adopters and potential adopters can explain the phase of growth in the diffusion process (Rogers, 1962) .
Four elements should be considered when studying diffusion: the innovation; the communication channel; the social system and the time dimension. It can be considered essentially as a form of communication. It is transmission of information related to new ideas, and can be described by Figure 2 . 
The Adoption Process
Adoption is defined as "the decision to utilize an innovation as the best course of action available" (Rogers, 1962) . Whereas, the adoption process is defined as "the steps an individual goes through from the time he hears about an innovation until final adoption and then to use an innovation regularly" (Rogers, 1962) .
Rogers (Rogers, 1962) proposed that customers go from knowing about the new product/service to adopt and use it through a sequence of five stages:  Awareness. Occurs to a customer when he or she is exposed to the innovation's existence and to general information about the product. The customer may have a limited knowledge about its value, quality, usefulness and performance.  Interest. In this stage, the individual is stimulated to seek information about the innovation.
It occurs when a customer forms a favourable or unfavourable attitude towards an innovation, and looks for more specific values of the product.  Evaluation. Occurs when a customer engages in activities that leads to the choice of adopt or reject the innovation. The individual mentally evaluates the innovation according to his present and anticipated future situation and then decides whether to try it.
 Trial. Occurs when a customer puts an innovation in use on a small scale to estimate its utility.  Adoption. It is the final stage of the decision making process. The customer now decides to adopt this innovation for continued use. He or she may reverse previous decisions if exposed to conflicting messages about the innovation.
The process of adoption of new products by customers has been studied extensively in the academic literature from a variety of viewpoints. Special relevance has Everett M. Rogers's classic book "The Diffusion of Innovations" (Rogers, 1962) . Rogers proposed that the distribution of adoption of any innovation over time approached normality, following a bell shaped curve similar to Gaussian model. Rogers, on eight different studies, found that in the early stage of a particular innovation, growth is relatively slow as the new product is being introduced in the market. At some point, customers begin to demand the product and sales grow up more rapidly. New incremental innovations or changes to the product allow growth to continue. Towards the end of its life cycle, growth slows and may even begin to decline. In the later stages, no amount of new investment in that product will yield a normal rate of return.
Based on a bell curve, E. Rogers categorized adopters of any innovation or idea ( Figure 3 ) as follows:
 Innovators: are those first to buy the new product, and typically are described as venturesome, younger, well educated, financially stable, and willing to take risks.  Early Adopters: they are local opinion leaders, well informed and are integrated into the social system more than the average customer is.  Early Majority: they are solid, middle-class customers who are more deliberate and cautious.  Late Majority: they are described as older, more conservative, traditional, and sceptical of new products.  Laggards: are those resisting change, conservative, liking tradition, often older and lower in socioeconomic status. The differentiated role of each of these categories in the adoption process has been studied by authors as Frattini et al. (2014) , who dedicate their attention to the decisive role of early adopters in the diffusion of new products in some specific cases.
Apart of these groups, it is also relevant to consider the existence of resistance to innovation affecting part of the potential customers. Different authors have studied resistance to innovation. Of special interest is the recent paper by Heidenreich and Handrich (2015) , who define a metric for measuring the "passive innovation resistance". Rogers (1995) argued that innovations would spread through society in an S-curve ( Figure 4 ). He also comments that the speed of technology diffusion is influenced by the product's perceived advantages or benefits, riskiness of purchase, ease of product use, complexity of the product, immediacy of benefits, observability, trialability, price, extent of behavioural changes required, and return on investment in the case of industrial products.
On the other hand, there is a well-known fact that not all innovative products complete this process: an important amount of innovative products, never reaches success and its adoption remains only in first stages, been accepted only by innovators and some early adopters. The dynamics and speed of the adoptions process are affected by social, technological and personal factors, and have significant differences between sectors of activity and product type. To cite only two examples of researches in this area, we can mention the paper by Wejnert (2002) on the factors affecting IT innovations diffusion, and the paper by Levin et al. (1987) who studied the adoption of optical scanners.
A Metric for the Adoption Process
The curve on Figure 4 characterizes in a qualitative form the acceptance (adoption) stages of new products by the society (actual and potential customers). It is approximate to the normal distribution function and does not depend on product type, that is, it is to some point universal. A number of researches were carried out confirming its universality (Rogers and Shoemaker, 1971; Bryant and Thompson, 2002, Chesbrough, 2003) .
Assuming Roger's ideas, and using the properties of the normal distribution, we can define each one of the identified groups of customers (using Figure 4) , by establishing limits corresponding to integer values of the number of standard deviations from the mean:  The starting of the curve, corresponds to the entrance of the product in the market, is placed in the mean adoption time minus three standard deviations  Innovators correspond to customers adopting the product up to the mean adoption time minus two standard deviations  Early adopters are customers adopting the new product between the mean minus two and minus one sigma  Early majority are those adopting the product since the mean minus one sigma to the mean  Late majority are customers adopting the product over the mean time and until the mean plus one sigma  Laggards are those adopting the product after the mean time plus one standard deviation.
Once established these categories, we can use the concept of standardization in the normal probability distribution to define a unified metric for different adoption processes. We need this metric to allow easily compare different adoption processes, each with a different timing.
Differences among adoption processes of different innovative products are referred to the starting point (initial launch of the product) and the diffusion speed. As result, mean and standard deviation of the adoption curve will change.
Standard deviation can be estimated as one third of the time from the launch of the product to the sales maximum:
where T0 is the launch time of the product and Tm is the moment of maximum sales. We will consider these time values in a scale of years.
From Roger's model, Tm, corresponds also to the mean adoption time and to the percentile 50, that is the median adoption time (as the bell curve is assumed to be symmetric).
Usual standardization consists in correcting the variable by subtracting the mean and then dividing by the standard deviation. Instead, and with the aim of fixing the origin of time in the moment when product enters into the market, we will use the following expression:
where T is the time in years (regular calendar years), Tm in the mean adoption time and S is the standard deviation of the adoption process. We will call t the "adjusted time". Using the Gaussian model, we can also calculate the adjusted time corresponding to different levels of market saturation. For a saturation level p, we have that the adjusted time is given by:
Where tp in the adjusted time corresponding to a market saturation level p, Zp is the standard normal critical point corresponding to a probability level p, and Φ −1 ( ) is the inverse of the normal probability function, for the probability value p.
For cases where the mean adoption time is not known, but we have information about saturation level in a specific moment, we can calculate the standard deviation by:
Where Tp is the moment in which saturation level is p, T0 is the starting point of product sales and tp is the adjusted time for saturation level p.
In these cases, the mean adoption time can be obtained simply by = 0 + 3 .
Standards and Innovation-A Proposal on the Moment for Initiating Standards Development
Relationship between standards and innovations is complex and has been discussed by different authors. Allen and Sriram (2000) conclude that in some cases standards can inhibit innovation by fixing technologies that may be inefficient or obsolete, increasing among some persons or organizations resistance to change. Nevertheless, they comment that generally standards stimulate innovation directly or indirectly, creating the conditions to facilitate new technologies emergence in a global scenario. Aronov and Zazhigalkin (2017) discuss about the difference and relative advantages of patenting or standardizing innovations. In the service sector, authors like Bhullar and Singh (2019) , discuss the importance of regulations for m-commerce (a type of e-commerce), with a philosophy close to the standardization idea in other economic sectors.
In this research we have considered that innovation comes first, and then the Technical and Scientific community responds creating standards to facilitate industry and economic activity. The specific problem under consideration in this paper is the identification of when to start standards development for innovative products. To deal with this problem, we propose considering the use of Rogers diffusion model (Rogers and Shoemaker, 1971 ). According to this approach, diffusion of innovations in time could be described by the curve shown in Figure 4 .
According to the ideas that justify Figure 1 , if standards are developed too early or too late, their effectiveness will be inadequate. In the case of early standard preparation the product does not have customers support and maybe never reaches this support. In this last case, standardization organizations may are in risk of wasting time and resources developing a standard nobody will never use.
A late preparation of the standard may be ineffective because it is probably too late to influence markets, companies have taken their own options and changes in technology specification may cause them expensive modifications in tooling, materials and processes. It may also generate confusion for customers who bought a product that suddenly may be out the standard.
After reviewing a number of cases (presented in part 6 of this paper), it can be reasonable to consider that when a consistent group of customers is using the product, the need for a standard is evident. In our proposal, this group of actual customers corresponds to the sum of innovators and early adopters, when a 16% of the potential market is a reality.
Our proposal states the standards preparation should start after innovators have accepted the product and when an increasing number of early adopters are adopting the innovation. When all early adopters are using the product, it is too late to start the process of standards development. We can say that the time window for starting standards development is the period from the mean adoption time minus two standard deviations and the mean adoption time minus one standard deviation:
where Tm is the mean adoption time and S is the adoption process standard deviation. This is equivalent to consider that in the period [0, Tm -2S], when only innovators are starting to use the product, the market is not mature yet, and that in the period [Tm -2S; Tm -S], the market is very capable to adopt the standards. As, the product adoption is becoming massive, new manufacturers and suppliers enter the market, requiring the guide of standards, but after Tm-S it may be too late to start preparing effective standards.
Using the proposed metric, the adjusted time for initiating the standard development process should be in the interval [1, 2], and not after the adjusted time value is 2.
To illustrate the validity of our proposal, we will present eight real cases in which innovative products have required development of standards, showing the standards are issued according to the stated time frame.
Illustrative Cases
In order to show the concordance of the mentioned proposal, eight cases of innovative products adoption by the markets will be presented. For each one we will consider also when the corresponding standards development process. Products are personal computers, smartphones, compact discs, small wind turbine, microwave ovens, digital cameras and digital cinema.
Data about time for standard preparation are obtained from public information about the work of technical committees of the American National Standards Institute (ANSI) and the International Organization for Standardization (ISO).
Personal Computers
It can be considered that personal computers sales started by 1981. The maximum sales were reached in 2008 (Kutlaniev and Popov, 2004) . Then the standard deviation (according to the model described previously) is, according to expression (1) Following our proposal, standards should have been developed in the time window [1990, 1999] . In 1987, the International Organization for Standardization (ISO) and the International Electrotechnical Commission (IEC), after a US initiative, created a Joint Technical Committee, ISO/IEC JTC1 on "Information technology". First standards were issued in [1988] [1989] [1990] , with the main standards production in the following years.
Smartphones
First smartphones were put into market in 2004. Largest sales of this product were achieved in 2012 (Dediu, 2013) , and in consequence, standard deviation can be computed as:
Thus, the time window for standards development is [2007, 2010] .
On September 5 th 2007, the Open Handset Alliance (OHA) was officially established and its goal was the preparation of open (accessible) standards for mobile devices such as smartphones.
Compact Disks
Compact disc appears in the market in 1982. Largest sales of this product were achieved by 2000 (Plambeck, 2010; Kachkaeva and Kiriya, 2012) . Then the period for launching to maximum sales was of eighteen years, and the standard deviation is S = 18 / 3 = 6 years.
Consequently, the time window for standard development is [1988, 1994] . International standards in the area of Compact Discs (IEC 60908) was introduced in 1987 (IEC, 1987) .
Small Wind Turbines
Small wind turbines started to be sold in 1979. Largest sales were reached in the period [2008] [2009] . In consequence, the standard deviation of the adoption time is S = 30 / 3 = 10 years.
According to our proposal, time window for starting of standards development is [1989, 1999] . The fist standard specifically oriented to this type of wind turbines appeared in 1996 (IEC 61400-2:1996) (IEC, 1996) .
Nanotechnology Products
Nanotechnology products started to be manufactured and introduced into the market in 2000. By 2005, USA market saturation was 18% (www.protown.ru, 2014) . The standard deviation of the adoption process, according to expressions (3) and (4) 
Microwave Ovens
Manufacturing and sales of microwave ovens started in 1962 in the US market. In 2000 market saturation was 90% (Osepchuk and Petersen, 2001 ). Using expressions (3) and (4) we can obtain a standard deviation of adoption time of 9 years.
According to the proposed model, standards development should start in the window [1971, 1980] . In 1960, ANSI created USASI C95 Radiation Hazards Project and Committee. The first standard appeared in 1966 (ANSI, 1966) and was revised in 1974 (ANSI, 1974).
Digital Cameras
First digital cameras for the general market appeared in 1988. According to the Camera and Imaging Products Association, CIPA, data (CIPA, 2015) , sales decline of digital cameras happened in 2012 and the top sale was in 2010.
The standard deviation of the adoption time is S = 22 / 3 ≈ 8 years, and the time window for starting the standard development is [1996, 2004] .
The first international standards (prepared by ISO and by CIPA) were ISO 12232:1998 (ISO, 1998 and CIPA DC-004:2004 (CIPA, 2004 .
Digital Cinema
First serial manufactured digital cinema appeared in 1999. In 2012, world market saturation was 70% (Cinemaplex, 2013) .
Using expressions (3) and (4) we can obtain a standard deviation of adoption time of 4 years.
In accordance with our proposal, the moment for beginning standard preparation should be in  the starting sales year,  the reference year (corresponding to the moment of maximum sales, mean adoption time, or a point in the market saturation process),  the market saturation in this reference year,  the standard deviation of the adoption process,  the time window for starting the standard development process according to our proposal,  the year in which this process initiated and  the adjusted time value for this year.
Summary and Discussion
The mean adjusted time for the initiating of the standard development process is 1,18, and median time is 1.2, in concordance with our proposal, that states that this value should lie between one and two. Five of the cases analysed are between 1 and 2, and only the case corresponding to microwave ovens seems to be clearly out this interval, maybe because due to safety reasons related with other applications of this technology the process started earlier. process, also proposed in this paper, we have seen that in five of these cases, the standardization process started in the proposed time window, two more cases have a discrepancy of one year and only in one case the difference can be considered as of some relevance. In any case, for all the products analysed, the standardization process was initiated before market saturation reaches the above mentioned value of 16%, supporting our proposal.
Thus, standards preparation planning for new products should go parallel with innovation activity in the period when early adopters start intensively to purchase these new products. In that case, standards will be published on the right time, reinforcing its relevance, and the impact of their application will be maximum. It may be adequate that this idea is considered for the planning of the national and international standards development.
